Several methods have been evolved for the measurement of venous flow in animals, but most have a limited application in man as they involve exposure of the appropriate blood vessel. These methods include the Ludwig type stromuhr (Tigerstedt, 1892), the thermostrontuhr (Rein, 1928; Schmidt and Walker, 1935; Shipley et al., 1942) , the bubble flow meter (Soskin et al., 1934; Brunner, 1948) , the differential pressure flow meters (Gregg and Green, 1940; de Burgh Daly, 1926; Johnson and Wiggers, 1937) and the electromagnetic flow meter (Kolin, 1936(Kolin, , 1941.
Several methods have been evolved for the measurement of venous flow in animals, but most have a limited application in man as they involve exposure of the appropriate blood vessel. These methods include the Ludwig type stromuhr (Tigerstedt, 1892) , the thermostrontuhr (Rein, 1928; Schmidt and Walker, 1935; Shipley et al., 1942) , the bubble flow meter (Soskin et al., 1934; Brunner, 1948) , the differential pressure flow meters (Gregg and Green, 1940; de Burgh Daly, 1926; Johnson and Wiggers, 1937) and the electromagnetic flow meter (Kolin, 1936 (Kolin, , 1941 . Fronek and Ganz (1960) report a method for measuring flow in a single blood vessel by a local thermodilution method. They injected a bolus of cool saline into the blood stream and recorded a dilution curve from the change in temperature in the immediate neighbourhood of the injection by a thermistor mounted on the injection catheter. The accuracy of their method was studied in model circulations and in experiments on dogs; good correlation was found with direct methods of measurement. Katsura et al. (1959) endeavoured to measure blood flow using a single thermistor as both heating and the termperature-sensing element. Andres et al. (1954) determined the flow in the human brachial artery by continuous injection of a dye at a constant rate. Peterson et al. (1954) measured the left ventricular output in animals by injecting Evans Blue at a constant rate into 'the aortic root through a cannula and sampling the resultant mixture in the descending aorta.
The purpose of this paper is to describe a method for measuring local venous flow in man by the injection of an indicator substance under pressure at a constant rate through fine holes in the tip of a double lumen catheter and sampling the diluted blood through the other lumen. Iiijectioni Syrinige and Recording System. It was found necessary, for complete mixing, to inject the indicator substance through the catheter at a high pressure (approximately 100 lb. per square inch) and at a constant known rate. To achieve this a special syringe system was designed (Fig. 2) . The barrel is made of precision-bore stainless steel with an internal diameter of I 0 cm. and a length of 54 cm. The plunger is attached to a sliding carriage (Fig. 3) which runs along two guide rails, and is connected by nylon cords, running over pulleys, to a heavy weight which may be varied between 16 and 20 lb. The sliding carriage is provided with a brake which, when released, allows the weight to fall and forces the plunger along the barrel. The forward end of the syringe is fitted with a perspex collar through which one may see whether any air bubbles have gained entrance to the syringe; this in turn is connected to the catheter via two three-way taps for filling the syringe with indicator and flushing the catheter.
EXPERIMENTS
Adjacent to the guide rails is a recording drum which revolves at one revolution in 60 seconds. A pen which writes on the drum is attached to the sliding mechanism that operates the plunger of the syringe. Thus volume and time of injection are accurately measured and the constancy of injection is continuously monitored.
The trolley of the dye and water appeared to be reasonably complete at 3500 ml. a minute, but at flows of 4300 ml. a minute and higher areas of poor mixing could be seen. The experiments were repeated with the catheter tip in different positions in relation to the sides of the tube; in the first position the catheter lay along the side wall (as in Fig. 5) ; in the second in mid-stream; in the third diagonally across the stream with the end pointed against the wall. The mixing effect was essentially the same in each case, in that accurate samples could be obtained up to four litres a minute.
Further tests were made to determine the accuracy of predicted flow in the tubes, calculated by the expression: F = C x f, where F is the flow through the tube in ml. a minute (including indicator solution), C is the concentration of indicator injected, c is the concentration of indicator in aspirate, and f is the rate of indicator injection in ml. a minute. The flow through the tubes was also determined by measuring the volume collected over a one minute period at the end of the tubes. Fig. 6 Fig. 7 shows observed versus predicted dilution factors by the hematocrit method.
The true venous flow rate per minute is finally obtained by subtracting the amount of indicator solution injected per minute from the predicted flow. This is the mean value of the flow occurring during the period of the sample collection. 
RESULTS
The effect of the injection spray was observed under direct vision in the innominate vein of a patient who was having an open chest operation for removal of carcinoma of the lung. The catheter was inserted via the left median cubital vein and passed into the right innominate vein where the stainless steel tip could be seen through the wall. Injection of room temperature normal saline was made at the rate of 2-92 ml. a second. No change in the calibre of the vein was seen during repeated injections.
Measurement of venous flow has been made in various sites in five patients. Two had systemic hypertension, one carcinoma of the lung with pulmonary hypertension, one mitral stenosis and one a depressed sternum with postural syncope. Sites where measurement of the venous flow was made included the internal iliac vein, the common iliac vein, the inferior vena cava one inch above the junction of the common iliac veins, the inferior vena cava just above the entry of renal veins, and the internal jugular vein. Table I summarizes the results. It will be seen that the flow just above the junction of the common iliac veins is approximately twice that of one of its components, and that the renal plus the lumbar flow was approximately equal to that from both common iliac veins. The flow from the right jugular vein was 580 and 620 ml. a minute on two occasions in the same patient. 
DISCUSSION
Although model experiments have shown this method to be accurate over the range of expected flow in the veins of man, several points have to be considered in its application. (1) A true sample of mixed blood may not be obtained when the side hole of the catheter is placed opposite a tributary vessel, the prediction of flow being too large. This can be overcome by making a series of observations at short intervals along the vein. (2) The catheter described can only be used when it is pointing against the stream of flow; it may be possible, however, to design a catheter which will project a spray in a retrograde direction. (3) The volume of blood flow above which complete mixing in tubes will not take place will have an upper limit; fortunately, it is unlikely that this flow will be exceeded under normal physiological conditions in the veins of man. (4) The effect of the spray of the indicator on the vein itself has not yet been fully explored. Although direct observation of the spray injection into the central veins of an anmsthetized patient revealed no visible change in the diameter of the vein, more detailed studies of the application of the method to the intact venous system must still be made.
The method involves no greater risk than that of cardiac catheterization; it is easy to perform and the calculations are simple. Repetition as often as desired is possible up to the limit of permissible radioactive exposure. The method can be used for measuring venous flow wherever it is possible to insert the catheter tip.
One of several indicators may be used in this method including dyes such as Coomassie Blue, Evans Blue or Cardio-green, normal saline with its effect of hematocrit or hoemoglobin dilution, and radioactive tracers. Although dilution of the blood by saline is an attractive method its accuracy falls off at high flows due to difficulty in reading very small changes in the hematocrit and to the magnification of these errors in the flow calculation. Radioactive and dye indicators are more accurate at these high flows. Dyes have the disadvantage that plasma extractions are time consuming and prone to inaccuracies; radioactivity can be quickly determined on the whole blood sample. The dose of K1311-human serum albumin for each injection is approximately 03 microcuries, so that, from the radiation standpoint, many injections may be given.
The accuracy of the local blood flow determination depends on complete mixing of the indicator with the blood in the segment of the vein under examination. It is likely from the model experiments that the spray injection breaks up any streaming in the water or blood and mixes the indicator thoroughly.
The calculations of venous flow in the few patients we have studied seem to give reasonable estimates of the expected flow at these sites. Our results in patients have not, however, been compared with other methods of flow estimation.
SUMMARY
A method for measuring segmental venous flow by a continuous, local, indicator dilution technique is described, using a double lumen catheter with a spray injection tip. The accuracy has been tested in vitro and the application and limitations of the method in man have been outlined. The results are reproducible and the method is safe for the measurement of flow in any of the veins of man which can be reached by a cardiac catheter.
